This study aimed at finding out whether the property of plasticity of acid leached clays can be reversed by treatment with a suitable base. Studies were carried out on representative samples, which were taken from iron bearing clays from Mukurwe-ini, Nyeri County in Kenya (Latitude 00°34´00´´S, Longitude 37°03´00´´E). Characterization of the clay was done in its natural form, and after acid treatment, to determine its mineralogical and chemical composition. Natural clay was refluxed with sulphuric and hydrochloric acids of different concentrations at 100 and 200°C for 2 h followed by thorough washing with distilled water to remove the acid matrix. Atomic absorption spectroscopy, X-ray fluorescence spectroscopy, and X-ray diffraction, analysis techniques were used to determine the physico- 
INTRODUCTION
Plasticity is the property that makes a body to show changes of its shape without rupture when an external force is exerted on it, so that when the deforming force is removed the acquired shape is maintained (Andrade et al., 2010; Keller, 1979) . Plasticity is a very important property of clays in that distinguishes clay from other similar sized colloidal particles. An understanding of the factors, which determine it in soils, will aid in the interpretation of test data, and lead to a better understanding of the performance of clay soils in applications such as in ceramics and engineering. The factors that affect the plasticity of a soil are also likely to affect most of its other properties that are of interest to the engineers (Dumbleton and West, 1966) . Plasticity in clays is attributable to a multiplicity of inter-related factors, which in most cases act together, that it is hard to *Corresponding author. E-mail: Mainawachira14@yahoo.com Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License pinpoint at a single factor as the cause of this important ceramic property. However, water of plasticity plays a key role in defining this property. Other factors that do affect clay plasticity include particle size, specific surface area, water characteristics, mineralogical composition, dispersion state of particles, and ceramic body temperature (Andrade et al., 2010) . A keen study of structure of clays reveals that these minerals hold water in various forms. Water is confined in the pores in the clay particles by capillarity action. Adsorbed water is held in the interlamella layer of the sheet silicates. Either of these two forms of water is easily lost by drying or heating the clay between 100 to 200°C and it is easily regained under ordinary conditions. Water is also held in form of hydroxyls. Hydroxyl water is driven off from the clay minerals at elevated temperatures between 400 to 700°C, dehydroxylation results in oxidation of Fe 2+ to Fe 3+ hence the colorization of the clays at elevated temperatures (Stucki et al., 1984a) . Chemical and physical properties of clay minerals are integrally linked to how the clay surface interacts with the different forms of water present in the minerals. Examples of such properties include; all of the adsorptive catalytic and cation exchange reactions, shrink-swell phenomena, plasticity, and catalysis (Schoonheydt and Johnson, 2006) . Moisture content influences strongly the engineering properties of clays. When clays are subjected to high temperatures, they lose adsorbed and hydration water leading destruction of the clay structures (Gulgun, 2011) . Cao et al. (2011) did a study on the effect of low concentration of NH 4+ on adsorption of vermiculite from Hebei province, China and found that indeed the ammonium ion is adsorbed on the surface of the minerals. The plasticity index gives an indication of the degree of plasticity shown by clay body and is often be correlated with properties such as specific surface area, dry strength, and rheological behaviour. The plastic limit gives an estimate of the sorptive properties of clays and may be correlated with shrinkage on drying (Bain, 1971) . Plasticity measurement is usually evaluated by means of the water of plasticity (Keller, 1979) . The tests for Atterberg limits were developed as a means of distinguishing between clays and other soils. The "liquid limit" is the relatively high water content at which the soil changes from a liquid to a plastic state, and the "plastic limit" designates the relatively low water content at which soil changes from a plastic to a solid state (Dumbleton and West, 1966) .
The procedures for determining the liquid and plastic limits are well established and are described in detail in publications of the American Society for Testing and Materials and of the British Standards Institutions (British Standard, 1377: Part 2 1990).The difference in water content between the liquid and plastic limits is defined as the "plasticity index" of the soil. High values of plasticity index mean that the clay is more plastic and compressible, hence the greater the shrinkage characteristics of the soil. The plasticity index has proven to be one of the most useful of all soil indices and is essential to the description of a cohesive soil (Andrade et al., 2010 ).Atterberg's plasticity index (PI) provides a good aid in the examination of plasticity of ceramic raw materials consisting of clay mixtures and iron oxides.
Presence of inherent impurities has a big impact on the utility of clays. Iron is the fourth-most abundant element in Earth's crust (6% of mass); next to oxygen, silicon and aluminium, its ubiquitous presence in clays should be no surprise (Stucki, 2006; Atkins et al., 2006) . In order to make high quality ceramic products, clays with low shrinkage, good plastic properties and long vitrification range are used; however, large amounts of iron affect these vital properties (Grim, 1979) . Structural and colloidal iron causes unwanted colour on clays when they are fired (Stucki et al., 1984b) . Reduction of iron impurities is therefore of great importance for the usability of clay in many applications, particularly in ceramic, paper and catalysis industries where purity requirement are specifically high. When iron is confined in structural form, low concentrations are often tolerable. In order to make high quality ceramic products, clay with low iron content, preferably less than 1% is desirable (Karoki, 2009) . Chemical-treatment remains one of the methods used to reduce the level of iron in clays. The method however leads to loss of clay's natural structural properties such as plasticity that would render the treated materials unusable in many ceramic applications. The acid-treated and cation exchanged clays can be simply regarded as solid acids and act as heterogeneous catalysts. Their obvious benefits include low cost, ease of separation, reduced waste generations and environmental friendliness (Igbokwe et al., 2011) . Acidtreated have large surface areas and swelling properties suitable for use in solid supports for inorganic reagents such as potassium permanganate, thallium (III) nitrate and both copper (II) and iron (III) nitrates (Yahiaoui et al, 2003) . The process involves acid-activation of the clays with strong mineral acids like HCl, H 2 SO 4 and HNO 3 .The activated material has improved specific surface area and acidity (Vaughan and Pattrick, 1995) . The clays used should be free of iron and other metal ions, which may poison the catalysts. Acid-activated clays have been in use in petroleum industry in catalytic cracking of long chained fractions. They are extensively used in edible oil industry to remove offending smells and to decolorize the oils. White clay is used as filler and coating material in the paper industry, kaolinite minerals are used for this purpose (Grim, 1979) . Common clays are used in manufacture of hydraulic cements where tetra calcium aluminiumferrite (C 4 AF) makes up 5-15% of normal Portland cement clinkers (Mohamed and Hesham, 2010) . The level of iron in clays used in making Portland cement ranges between 0.5-6.0% of clay materials otherwise; the cement product will have undesired colour after calcination process (Neville, 2012) . In agriculture, activated clay catalysts are used as selective adsorbents of non-ionic organics such as aromatics and chlorinated hydrocarbons (Vaughan and Pattrick, 1995) . Clays serve as inert carriers of most pesticide without affecting their potency or activity because of their inert nature. Clays for instance, bentonites make good backfill material for underground nuclear-waste repositories because of their inane ability to self-seal and retain contaminants when they are hydrated (Julia and Lawrence, 2011) . Clays are extensively used in modification and improvement of road pavements to enhance viscosity and penetration of the soil surface (Grim, 1979) .
Clay minerals hold significant amounts of aluminium in their structures. Clay deposits are now in use as alternative source of aluminium because of depletion of traditionally used alumina deposits (Karoki, 2009 ). The clay used for aluminium extraction should have high aluminium content; kaolinite clays are popular for this reason. It has already been mentioned elsewhere in this literature review that clays have adsorptive abilities and for this reason they find good use in beauty and pharmaceutical industries because they effectively adsorb toxins on the skin, for example talc is used in pastes, ointments and lotions for skin toning. Kaolinite clays are used to cure gastronomic disorders because they can absorb bacteria and other microorganisms in the stomach and intestinal lining of digestive systems.
The emphasis for future work is on advanced claybased nanomaterials for use in new approaches to sustainable energy, green environment and human health. There is a shift from traditional use of clayproducts in ceramics to nanocomposites with uses in the rapidly growing nanotechnology research on synthetic materials (Zhou and Keeling, 2013 ). For the current study; it was of interest to find out whether the property of plasticity can be reversed by suitable base treatment of the acid washed clays.
METHODOLOGIES
Clay samples used in this work came from a well-known deposit located to the Southeast of Mukurwe-ini sub-County, Nyeri County (Latitude 00°34´00´´S, Longitude 37°03´00´´E), and was collected on site. For each mine, three samples were collected at three depths namely 0.45, 0.9, and 1.5 m. The samples were packed in plastic containers and coded as indicated in the Table 1 .
Instrumentation
Atomic absorption and X-ray spectroscopy techniques were used for elemental analysis of the raw and treated clays. Nature of minerals present in raw and treated clays was determined using Xray diffraction. Calibration of Atomic Absorption Spectrophotometer (AAS) and X-ray fluorescence (XRF) instruments was done using standard rock samples SY-2, MRG-1, and MRG-2procured through Department of Mines and Geology, Ministry of Mining of Kenya.
Sample preparation
Raw clay samples were dried at 105°C in an oven for 6 h, and allowed to cool in desiccators. Samples of the clay so prepared were crushed in a TS 750 Siebtechnik laboratory disc mill to particle size less than 2.00 µm.
Chemical analysis of the clay
Preparation of samples for AAS and XRFS analysis was done using the methods described by Haruna et al. (2007) and Karoki (2009) . The raw, acid and base treated samples were subjected to qualitative and quantitative phase analysis, for phase identification and quantification. This was done using a Bruker D2 Phaser. The results were given in form of spectra and the quantities of each mineral present in the sample.
Determination of plasticity index
The constancy limits of the raw and treated clay samples were done using British Standard, 1377: Part 2: 1990).
Treatment of clays with acids
Samples were air-dried and ground to a particle size of 2.00 µm. About 20 g of prepared sample were weighed into a 250 ml Pyrex conical flask and 100 ml of 12 M hydrochloric acid (HCl) added. The resulting slurry was heated at 100°C in a fume chamber, using an electrically heated hot plate for 2 h. Ice-cold distilled water was carefully added to the resulting slurry, which was then filtered using Whatman filter paper No 541 to separate acid matrix from the clay. This filtration was done under gravity. The clay was quenched thoroughly with distilled water. The treatment process was repeated with 10, 8, 6, 4 and 2 M HCl. Treatment was repeated at 200°C. The chemical and mineralogical composition was determined using AAS and XRFS (Onukwuli and Ajemba, 2012) . These treatments were repeated with sulphuric (VI), H2SO4 acid.
Treatment of acids-treated clays with bases
Approximately 1000 g of dry clay sample was treated with 5000 ml of 12 M hydrochloric acid and heated to 100°C for two hours in a fume chamber. Ice-cold distilled water was added to the mixture, which was then filtered. The residual washed thoroughly with distilled water, dried in an oven at 105°C for 2 h to drive out any moisture present. The dry residue was then divided into 3 portions. A 300 g of the first portion was treated with 600 ml of 0.5 M ammoniumhydroxide (NH4OH) and allowed to stand for 24 h. The mixture was filtered and residual kept aside for plasticity test and Xray diffraction analysis. A 300 g of the second portion was treated with same volume of 1.0 M NH4OH and handled as the first portion. The same amount of the third portion was mixed with 600 ml freshly prepared aluminium hydroxide solution (120.7 g of aluminium chloride hexahydrate (AlCl3.6H2O) was dissolved in 1000 ml of distilled water and equal volume of 1 M ammonium hydroxide solution added to precipitate the aluminiumhydroxide, Al(OH)3) and given the same treatment as the other portions. Plasticity of the three residues was then determined using the cone penetrometer method. Composition of the base treated clay samples was done using X-ray diffraction analysis (XRD).
RESULTS AND DISCUSSION

Result of elemental analysis of raw clay samples
The results show that Mukurwe-ini clays contain silica and alumina as major quantities; however, MgO, CaO, Na 2 O, K 2 O, and TiO 2 are present in trace amounts. Iron is also present in the range 1.4 to 4.2% (Table 2) . This clay therefore, cannot be used in manufacture of high-grade ceramic products such as white porcelain, glossy paper, and others where clays with less than 1% iron content is required (Karoki, 2009 ). Furthermore, the SiO 2/ Al 2 O 3 ratio greater than one is suggestive of a clay suitable not for bleaching but for zeolite development (Usman et. al., 2012) .
Analysis using Atterberg limits
The results of determination of Atterberg limits of raw and base-treated samples shows the clays have medium plasticity (Table 3) . Comparison of these results with similar work available in literature (Table 4) places Mukurwe-ini clay among kaolinite group but with isomorphic substitution of Al with Na, Mg, K, Ca, and Fe in the clay structure. Using the results of this study, it was interesting to note that the Atterberg limits of the treated clays were highly comparable to those of natural clays (Table 3 ). This result confirms that the treatment given to the acid washed clays restored the property of plasticity of the treated materials.
XRD analysis of raw Mukurwe-ini clay
Bulk XRD spectrum analysis shows that the raw clay consists of the minerals quartz, albite, microcline, and kaolinite. Phase quantification of the minerals by XRD gave quartz (57.90%), albite (5.30%), microcline (16.10%), and kaolinite (20.80%). The raw clay exhibited well-defined peaks at 2θ values at 12°, 25°, and 38°, which are typical reflections of the clay mineral kaolinite (Panda et al., 2010) and which correspond to d values of 7.17Å and 3.58Å characteristic of the mineral kaolinite (Harris and White, 2007) . The spectrum is illustrated in Figure 1 .
Analysis of acid washed clays
AAS Analysis of acid washed samples
The results of AAS analysis of the acid washed samples are shown in Tables 5 and 6 . It was noted that the chemical composition of the clays changed substantially after acid treatment. Figure 2 provides a summary of changes of iron levels after acid treatment. As the concentration of the acid increased, there was marked increase in dissolution of iron as shown by the its reduced levels compared to the raw (control) sample (Figure 2) .
After acid treatment, there was a reduction of Al 2 O 3 , MgO, CaO, Na 2 O, Fe 2 O 3, and TiO 2, however K 2 O is retained the acid matrix. Acid attack caused fast exchange of hydrated exchangeable cations with H + , which then attack the structural OH -groups (Martin et al., 2012) . Potassium cations may have reacted with amorphous silica in the matrix to produce potassium feldspar, which is resistant to acid attack (Motlagh et al., 2011) . Silica content in the acid washed clays increased. This was caused by leaching of Al 3+ from octahedral layer due acid attack; at higher acid concentrations (above 8 M), there was significant reduction of alumina due severe Table 3 . Atterberg limits of raw and treated Mukurwe-ini clay samples. leaching of the clay structure leading to dealumination of the clay (Panda et al., 2010) . According to Panda et al. (2010) , the reaction between kaolinite and sulphuric acid is described by Equation (1). Formation of amorphous silica and dissolution of Al 3+ as in Equation (1) accounts for the increase of silica content and attendant reduction of alumina in the acid treated samples. Loss of ignition of the clays increased after acid treatment. This is due to an increase of amorphous silica that made water adsorption higher (Panda et al., 2010) . Clays subjected to acid dissolution at a higher temperature (Table 6) showed high Si/Al ratios, a sign of extensive destruction of the mineral structures caused by discharge of Al 3+ from octahedral layers (Bowanko and Jozefaciuk, 2002) .
Sample Liquid limit (LL) (%) Plastic limit (PL) (%) Plasticity index (%)(PI=LL-PL) Plasticity ratio(R) (R=LL/PL) Shrinkage limit (%)
XRD analysis of acid washed samples
Analysis of the XRD diffractogram indicates dissolution of the minerals kaolinite and albite in Table 4 . Atterberg limits of some clay minerals (Salvage,2007) 
Mineral
Exchangeable ion Liquid limit (%) Plastic limit (%) Plasticity index (%) Shrinkage limit (%) the acid, however quartz and microcline are largely unaffected by the acid treatment. Phase quantification after acid treatment was quartz (61.40%), microcline (22.30%), and kaolinite (5.40). Dissolution of the minerals in the acid converted the clay into amorphous silica and as a consequence loss of its plasticity. The retention of the reduced peak means the structure of the clay was only partially affected. The retained peak opened an opportunity of restoring back the lost properties of the acid washed clays (Figure 3 ). The preserved peak opened an opportunity of restoring back the lost properties of the acid washed clays. The spectra is shown in Figure 3 .
XRD results of base treated acid-activated clays
The result of analysis of base treated acidactivated showed restoration of kaolinite reflections at its typical 2Ɵ values, though with a slightly reduced intensity. The acid-activated clay treated with ammonium hydroxide had the following phase quantities; quartz (61.70%), microcline (22.30%), and kaolinite (16.30%). The protonated amorphous silica phase reacted with hydroxyl ions of the base to form the mineral kaolinite, hence increase of kaolinite from 5.40% in the acid washed clay to 16.30% in the base acid-activated material (this can be explained by Equation (2) 
The XRD spectra of raw and phase quantification of raw and base acid-activated materials are comparable in many ways, an indication of reversal of physico-chemical properties of the acid-washed samples by exposure to the chosen bases. This fact was further reinforced by comparison of the Atterberg limits of the raw and treated materials, which bear very strong similarities (Table 3) .
Conclusion
This study has established that the major minerals in This study has also shown that the quality of the clay is noticeably improved by acid treatment by reducing its iron content to less than 1%, which is ideal for making highgrade ceramics or in other specialized applications such as in paper industry, catalysis, filler material, white cement and many others where clay purity is required. As the only clay mineral present, kaolinite imparted plasticity on the clay, plasticity index was found to range between 22.3 to 30.7% for the raw samples. The base treated acid-activated material had a PI value of 22.0, which is comparable to those of raw samples a clear reversal of plasticity lost during acid thermal treatment. High levels of silica (57.90%) and feldspars (21.40%) means the geological processes of clay minerals formation is still ongoing in the study area, furthermore this is a sign of geologically young residual clays.
